Recent results for the surface energy of jelliumlike surfaces are investigated within the functional-density formalism. These results along w'th f~rst-principles considerations support the contention that the first gradient coefficient of the exchange and correlation energy, in its unmodified form, is the proper nonlocal correction to the local-density approximation in extended systems, The extent to which the local-density approximation'2 (LDA) accounts for the exact exchange and correlation en- %e first, however, briefly discuss the main results of our previous investigations which lead us to this conclusion.
The structure factor S&(r, r') given by NS"(r, r') -(di~I [p (r) -p&(r) ] [p (r') -pi (r') ] ld ") (la) its Fourier transform structure factor has nothing to do with the conservation of the particle sum rule in extended systems. This obviously entirely separates small microscopic size systems (like atoms or molecules) from, as an example, metallic surfaces when we consider the behavior of S&(q, q) or E",(q) at small q. This is so because for microscopic systems the size of the exchange-correlation hole, or equivalently the structure factor S&(r, r'), is confined to the size of the atom or molecule under consideration. If the length L] reflects the size of the atom, then lr -r'l & Li. Therefore, the limit of S&(q, q) at small q, in the finite nonextended case, must correspond to the conservation of particles, i.e. , lim S"(q,q) = S&(q =O, q =0) = 0 q~0
This difference between the finite [Eq. (3) ] and infinite [Eq. (2)] systems, discussed above, implies that the small q region in E",(q) [or S"(q,q) ] must be extremely sensitive to the nonuniform background. In Fig. 1 we illustrate the expecta-S"(q,q) = dsr"d'r'et' "' 'S"(r, r'') and the exchange-correlation energy E", -N q, E",(q) N " dq wl 2 " (2sr) ' u(q) dh. [Si,(q, Fig. 1 ) is taken to be a Coulomb long-range form Figure 1 provides some very important guidelines as we go from nonextended to infinite systems. Clearly, the form derived from electron-gas calculations must overestimate the contribution in small systems. In fact, since E",(q) oscillates, as a function of q, we can even imagine changing its overall sign by certain manipulations in the small q region. (An incorrect sign from the electron-gas gradient forms to the exchange-correlation energy of atomic systems was recognized a long time ago. 's) To accomplish the necessary changes in atomic systems, the long-wavelength limit of E"', (q) was modified, " as illustrated in Fig. 1 Before we turn to such numerical considerations it is interesting to relate the above conclusions to previous considerations. It has been generally recognized that localized systems, with their discrete spectrum, are fundamentally different from extended systems, with the corresponding continuous single-particle excitations. '0"'6 The latter are much more akin to either the uniform or weakly perturbed uniform interacting electron gas, where such forms are derived. It is, therefore, not surprising that extending such calculations to atoms could, and does, run into considerable difficulties, '0 particularly for the correlation contributions. '0 %e~ould, in fact, expect the correlation energy, derived from the uniform electron gas, to overestimate such contributions in discrete systems (e.g. , atoms), since virtual excitations are so much easier for a continuous excitation energy spectrum. '6 It is also not surprising that for exchange alone this problem is less severe, since no virtual excitations (i.e. , no energy denominators) exist to sample the discreteness of the eigenvalues. This way of differentiating infinite from finite systems is now further justified using the %VD as illustrated in Fig. 1 .
The size of the system is not the only way nonuniformity plays a subtle role in S&(q,q). In fact, we showed in our previous investigations" that any nonuniformity, superimpos'ed on a uniform fermion system, JhndamentalIy changes the nature of the structure factor Sz(r, r') in the thermodynamic limit. Such conclusions are true for any interparticle interaction v(q) and general level of perturbation. " For ip(q)-4we2/q2 we traced these differences to the perfect screening sum rule. ' This sum rule is crucial to the small q limit of S&(q,q) in the uniform interacting electron gas. 's Such a sum rule does not exist for the nonuniform counterpart'5'~a nd is the reason that the small-q region is extremely sensitive to the nonuniform environment. ' These points have been dealt with at great length in our previously published articles. ' ~A s a final point, consider the two-component fermion gas; like an itinerant ferromagnet. Then, even for the uniform case the perfect screening sum rule does not hold for the individual omp nents Sl t(q q) Si 1 (q q) and St t(q, q). " Therefore, the difference between the extended and finite nonuniform systems is now even more pronounced for each individual structure factor component. The modification of the small q region of the three different gradient contributions to E", would now be much more arbitrary.
%e finally turn to numerical considerations. The problem of correlation is very hard to treat outside the functiongldensity formalism for nonuniform extended systems in the thermodynamic limit with realistic metallic density profiles.
For exchange alone such solutions for surface jellium profiles (or more precisely accurate model representations) do exist, and they have been studied in great detail. '7 It I' +a"i, l (pl (r), p, (r)) Imp, (r) I' +@. ' J. C. Phillips, Comments Sohd State Phys. 6, 91 (1975) . %. Kohn and N. D. Lang, Comments Solid State Phys. 6, 95 (1975) . teS. K. Ms and K. Brueckner, Phys. Rev. 165, 18 (1968) .
iiM. Rasolt and D. J. %. Geldart, Phys. Rev. Lett. 35, 1234 (197S) ; Phys. Rev. B 13, 1477 (1976 Rasolt, Phys. Rev. B 15, 1523 (1977 ] at small h, the calculation of b and the corresponding gradient coefficient 8", should not include any modification at small q. If a term like (h2)~ln(h2) enters the expansion of II(h) then the above is true for all coefficients of (h2}~u p to n m -l. Obviously, the behavior at small q should not be modified so as to change the expansion coefficients, in any way, for an analytic function of h.
(d) The large-q limit is not given exactly in the local-density ap-
